Tissues, cultured in an adequate medium, show an increase in ribo-and desoxyribonucleic acids to a total content greater than the amount implanted. They also maintain an approximately constant ratio to each other during growth. This effect results from a balance between processes leading to loss, probably necrotic, and synthetic processes tending toward increase of the constituents. If the amount of any material implanted is subtracted from the total of that constituent at any time interval, the difference cannot be indicative of the amount of synthesis because of the portion which was lost. The amount of nucleic acid or either of its fractions synthesized may be studied by measuring the incorporation of tracer P= into the material in question at varying growth periods.
An amount of 0.05 to 0.1 millicurie of tracer P~ in the form of neutral orthophosphate was added to each milliliter of the culture medium of each culture used for chemical analysis of the nucleic acid fractions. It was obtained from Oak Ridge, Tennessee, by way of the Donner Laboratory of the University of California.
Those cultures which had been incubated in the presence of the tracer for their total time were assayed for incorporation of P~ into the nucleic acid fractions. The colored butyl alcohol extract obtained from chemical analysis was evaporated to dryness in a porcelain dish. The evaporated material was counted for its/~-emission under a Scott type mica-window counter tube. The counts per second were converted into micrograms of phosphorus incorporated by reference to the inorganic phosphorus concentration of the medium. This analysis was carried out as follows: Proteins were precipitated from 1 ml. of the medium at 0-4°C. with 1 ml. of 12.5 per cent trichloroacetic acid solution (TCA, 12.5 gin. dissolved in 87.5 gin. water). The precipitate was removed by filtration and washed with 5 portions of 3 ml. each of 7 per cent TCA solution. The filtrate and washings were combined and diluted to a final pH of 0.5 to 0.7 and a phosphorus content of 2 to 5 ~, per ml. One ml. of the dilute solution was analyzed for phosphorus by the method of Berenblum and Chain (3) using the extractor of Kirk and Danielson (4) .
E~rects of Radiation ou the Tissue
Preliminary studies of the effects of the radiation on the tissue cultures were made by microscopic observations of the latter. The upper limits of the dose range regularly employed, 0.1 millicurie per ml., were increased 20-and 200-fold. These cultures were compared with cultures to which no tracer p,2 was added. Twenty times the normal dose had no apparent effect on the appearance or area of migration. With 200 times the normal dose, the clots in which the tissues were mounted appeared to be more cloudy at 24 hours. Migration of the cells at the end of 96 hours was about the same in both cases and the cells appeared normal. Although the effects of the radiation have not been completely studied it was felt that they were not important in view of the very great increase which was tested and which produced no appreciable visible alteration in their general appearance.
RESULTS AND DISCUSSION

Phosphorus Incorporation into Desoxyribonucleic Add.--It has already been
shown that under adequate growth conditions, the desoxyribonucleic acid undergoes a consistent increase. If much of the implanted material is lost through necrotic processes, this increment would represent largely the newly synthesized material which would contain tracer p~2, designated as P tDNA.
As expected, and in confirmation of the work of Braes, Tracy, and Cohn (1, 2), the amount as shown in Fig. 1 of tracer phosphorus incorporated into this fraction under growth conditions in standard medium was greater, even at 24 hours than was true of tissues in Tyrode's solution at any time interval. The difference in the incorporation between adequate and inadequate medium at all successive time intervals was enhanced. The difference between the two media was greater with P 'DNA than with any other factor measured in this study.
According to Hammersten and Heresy (5), phosphate ions enter the DNA molecule only at the time of mitosis. The mitotic coefficient defined as Mitotic ceils has also been found to be high when embryo extract was presTotal cells ent (6, 7) in contrast to Tyrode's solution alone. Furthermore, the rate of increase of P 'DNA is greatest between 24 and 48 hours. During the same time interval the mitotic coefficient was found to be a maximum by Tompkins Cunningham, and Kirk (8) . There exists then a correlation between the uptake of tracer P~ into DNA and the incidence of mitosis, which confirms the general conclusion of Hammersten and Heresy. This may also be taken to indicate that the measurement of P 'DNA parallels the synthesis of new cells. Since it is also the value which showed the greatest difference between an adequate medium and Tyrode's solution, it may be concluded that the measurement of P ' D N A is a sensitive index for the synthesis of new cells.
Phosphorus Incorporation into Ribonucleic Acld.--As with desoxyribonucleic
acid, the amount of phosphorus incorporated into ribonucleic acid, termed P'RNA, of tissues immersed in an adequate growth medium was markedly higher than that in tissues immersed in Tyrode's solution, at 24 hours and thereafter for the total time of the study as shown in Fig. 2 . Although the difference in ribonucleic acid between the two media increased with time, the increase was considerably less marked than was that for the P'DNA. This was due to the relatively steep slope of the curve for P tRNA in Tyrode's solution and the comparatively flatter curve in standard medium.
With both P 'DNA and P tRNA, the use of the slope of the curve as an approximation of the growth process is of doubtful application. If we apply the positive slope criterion previously discussed, the conclusion would follow that growth was occurring in both media at almost equal rates but there was a greater absolute effect with adequate medium. Clearly, the second criterion v/z. that the final amount of the constituent be greater than the initial amount in the implant is inapplicable in this type of tracer study, because the initial amount is zero. The reasons for the failure of the slope criterion to apply are largely inherent in the methods of experimentation. The uptake values measure the summation of synthesis and turnover minus whatever new material is lost by normal catabolic processes. They do not reflect as much loss of material from the original implant as does chemical analysis. The latter on the other hand, measures the net balance of simultaneous synthesis and destruction.
The P ' R N A values may be recording, in addition to some turnover, the small amount of synthesis actually occurring in the "growth zone" of a culture in Tyrode's solution. I t is well known that cultures in an insuificient medium often show the formation of a "growth zone," presumably at the expense of the implant, and with a loss in total tissue (9) . The synthetic process associated with this phenomenon would have a proportionately large effect on the uptake of tracer by the new material formed. There is indication that this explanation is not sufficient for the period after 96 hours in view of the lack of parallelism between the P 'RNA and the P'DNA in this region. Since all studies were made on the same cultures, variations in culture conditions are ruled out as the explanation. This being the case, the loss of total RNAP and DNAP simultaneously with uptake of p3~ is most easily explained in terms of the role of the implant in supporting synthetic activity and growth in the periphery, presumably by supplying essential nutrients. The effect of the implant on the outgrowth of cells has received considerable attention from previous investigators. Fischer (reference 7, Table 3 , p. 159) has presented data showing that the larger the implant, the greater the final area, a conclusion also confirmed by Brues et al. (9) . Recalculation of Fischer's data in terms of increase per unit area shows that with two exceptions, the smaller implants increased a greater percentage in each time interval studied, and with only one exception, the areas relative to the original area were greater at every time interval with smaller than with larger implants. Increase per unit is usually accepted as a better measure of growth than an absolute value of a final measurement. Recalculation of Fischer's data (reference 7, Fig. 9 ) also fails to confirm his conclusion that "the final area is approximately proporfional to the surface area at the beginning of growth." His further conclusion that "the growth of the tissue fragments with the smallest area ceased at an earlier time than the growth of sister cultures with large initial area" does not appear to be supported by the data included.
That the consideration of the role of the implant is critical in any interpretation of tissue culture behavior is indicated by previous investigations and by the one reported here. Only by assuming that non-growing cells do furnish to growing cells something essential or stimulating to their growth, can the results of this investigation be readily explained. It is believed that the data reported here are relatively independent of variations in implant size, because every heart was weighed before implantation and cut into the correct number of approximately equal pieces to give fragments averaging 1 mg. in weight.
Residual Nucleic Acids.--By subtracting the P 'RNA from the RNAP and the P 'DNA from the DNAP the values for each nucleic acid fraction may be partitioned into an amount which is active and an amount which is inactive. The latter may arise from two sources.
1. Inactive material synthesized in vivo, present in the implant and unchanged.
2. Material synthesized from compounds not in rapid equilibrium with inorganic phosphorus of the medium.
In Tyrode's solution, the inactive DNAP did not differ much from the total, as shown in Table I , because the value of P 'DNA was small. With standard medium, the inactive DNAP did not differ greatly from that in Tyrode's solu-tion though it was always somewhat lower. This apparently indicates that the actual loss of DNAP synthesized in vivo is about the same in the two media, but that the increased metabolic activity in the standard medium leads to a small regular difference. That this material might represent synthesis of DNA from other than inorganic phosphorus is doubtful because all other analyses point to large differences in synthetic action in the two media. Accepting the assumption that the amount of DNAP which remains after subtraction of P 'DNA was inactive material synthesized in vivo, it can also be inferred that the phosphorus compounds from which the DNA molecule was synthesized were in equilibrium with inorganic phosphorus of the medium. This is indicated by the absence of more inactive DNAP at the end of the experiment than at the beginning, showing that the P 'DNA involved the entire synthesis recorded, all of which was active. The inactive RNAP decreased in Tyrode's solution by about the same amount between 22 and 47 hours as between 47 and 72 hours. After 72 hours, its amount was relatively constant at about 25 per cent of the zero time value. When tissue was implanted in standard medium, the inactive RNAP was relatively constant from 24 through 72 hours at about 40 per cent of the zero time value, then vanished. Thus, at 96, 120, and 144 hours, the RNAP remaining was essentially zero.
Since all the RNAP present after 96 hours was active when standard medium was used, and not when Tyrode's solution was used, it appears that growth processes increase turnover. In fact, there is an apparent acceleration of the net degradative reaction as well as synthesis during growth. This effect is not in disagreement with the findings of Champy (10) and Fischer (7) who noted that disorganization of cultures proceeded more rapidly, the faster was the proliferation of cells in the culture. Regardless of the explanation of the nature of the disorganization it seems probable that a culture in an inadequate medium will lose less material from the implant than one in a growth-promoting medium. These results also correlate with the larger amounts of residual DNAP found in cultures in Tyrode's solution. They do not appear to be in agreement with the conclusions of Rittenberg and Shemin (11) that "growth is the result of inhibition rather than initiation or acceleration."
S~A R Y
Growing cultures are shown to incorporate more radioactive phosphorus into ribo-and desoxyribonucleic acid than non-growing cultures.
Strong indications are found that the incorporation of inorganic phosphorus into desoxyribonucIeic acid parallels the mitotic coefficient and serves as a sensitive index of synthesis of new cells.
There are indications that the phosphorus compounds from which the DNA molecule was synthesized were in equilibrium with the inorganic phosphorus of the medium.
The effect of the implant upon growth of new cells and the assay of growth is discussed. Metabolic turnover was increased in adequate medium.
